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The earlier results which are summarized in Table I , show an increased glycolytic activity in the MHS muscle compared with MHN muscle with a significant reduction in glycogen and a significant increase in both lactate and pyruvate.
Later results suggested the mechanism for the observed increase in glycolysis was an increased conversion of inactive muscle phosphorylase b to active muscle phosphorylase a under the influence of increased levels of cyclic AMP.
Levels of the high-energy phosphates showed no consistant difference between MHS and MHN muscle, and the energy charge ratio was similar in the two groups. This complemented a previous finding that pyruvate dehydrogenase activity was similar in MHS muscle compared with MHN muscle (Bennett et a/., 1978) . Hall & Lucke (1983) using a cryoprobe before muscle removal and measuring glycolytic intermediates did not find any difference between MHS and control swine. Thus the human results differ from the porcine results, suggesting that either the mechanism of MH differs in the two species or that the sampling methods are critical. Even if the latter is correct the marked difference between MHS and MHN humans is still valid. The human results lend further support to the suggestion that MHS subjects have an increased sympathetic activity, even in the unstressed state. 1970, 1974) . Once initiated. the body temperature may increase at a rate of I0C/5min (Gronert, 1980) , accompanied by severe metabolic acidosis and elevated levels of serum metabolites (Berman r t ul., 1970); if uncontrolled, death occurs. The striking similarities of the syndrome between humans and pigs (Wingard & Gatz, 1978) strengthen the case for using pigs as experimental models for investigation of human MH. Present evidence (Cheah & Cheah, 1981a.h) suggests that the biochemical lesion, expressed by an alteration in membrane permeability, resulting in an excess Ca' + release, in porcine MH (Cheah et a/., 1984) is a consequence of a higher than normal phospholipase A? (EC 3.1.1.4) activity. Data from porcine MH skeletal-muscle mitochondria show that a significantly higher amount of endogenous calmodulin is responsible for the enhanced phospholipase A: activity, and that a greater than normal amount of calmodulin could be responsible for the development of MH syndrome.
Mitochric/riul rc.spirutioti Although some authors have claimed that skeletal-muscle mitochondria from MH pigs have respiratory properties different from normal, other investigators have found no difference; the discrepancies could derive from differences in the quality of the isolated mitochondria. In particular, a decrease in both the State-3 and State-4 respiration and a significantly lower than normal respiratory control was observed in mitochondria from MH pigs (Eikelenboom & van den Bergh, 1973; . Most of the isolated mitochondria were grossly swollen (Greaser et al.. 1969) or showed either a marked decrease (Sybesma & Eikelenboom, 1969; Eikelenboom & van den Bergh. 1973) Abhrcviation used: MH. malignant hypertherrnia.
or increase (Britt et a/., 1975) in the capacity for oxidative phosphorylation. The hypothesis that in porcine MH muscle there was an aberrant behaviour of the mitochondrial respiratory chain system was, however, not generally accepted since intact and tightly coupled mitochondria could be isolated either immediately post-mortem (Cheah, 1973; Campion et a/., 1975; Cheah & Cheah, 1981a) or from biopsied pig muscles (Brooks & Cassens, 1973; Denboroughetal., 1973; Brittetal., 1975; Campion et a/., 1975) , and also from biopsied human MH muscle (Britt etal., 1973~) . Furthermore, these MH mitochondria showed no significant difference from normal in respiratory control and oxidative phosphorylation. Halothane inhibited mitochondrial State-3 respiration to the same extent in both normal and MH muscle (Britt et nl., 1973a,h; and this was accompanied by a slight uncoupling of oxidative phosphorylation in both types of mitochondria. These observations were essentially similar to those on normal beef-cardiac (Harris et a/., 1971 ; Grist & Baum, 1974) and rat-skeletal (Britt et a/., 1972) and liver (Miller & Hunter, 1970; Harris et a/., 1971; Hall et a/., 1973; Nahrwold & Cohen, 1973) mitochondria following halothane treatment.
Mitochondria1 Ca?
+ transport Isolated MH skeletal-muscle mitochondria contained twice the normal amount of endogenous C a 2 + and were easily uncoupled by exogenous Ca'+ during succinate oxidation at high temperature (Cheah & Cheah, 1981~) . The Ca? + -induced uncoupling was accompanied by largeamplitude swelling, both of which were prevented by bovine serum albumin (Cheah & Cheah, 1978) and by the phospholipase A? inhibitors spermine and tetracaine (Cheah & Cheah, 1981~) . Both the rate and the extent of Ca? + accumulation, measured spectroscopically with murexide at room temperature, during succinate oxidation were normal, but the rate of both endogenous and exogenous Ca? + release was significantly ( P < O . O O l ) greater (Cheah & Cheah, 1981~) . Ca? + accumulation, determined with -'Ca?+, was also normal with MH skeletal-muscle mitochondria isolated either at Smin post-mortem (Greaser rt a/., 1969) or when pretreated in riro with neuroleptic drugs (azaperone or spiperone) to delay the onset of halothaneinduced MH (Somers & McLoughlin, 1982) , but decreased I984 606th MEETING. CORK significantly at 40°C (Cheah & Cheah, 1978) Arrhenius plots of the State-3 rates of succinate oxidation by MH mitochondria showed no difference in the transition temperature ( T , ) with ADP, but was 9°C higher with C a 2 + , which was restored to normal by spermine and M g 2 + (Cheah & Cheah, 19810) . Evidence supporting the involvement of a Ca? +-stimulated phospholipase A2 in enhancing membrane permeability in MH mitochondira was, firstly, large-amplitude swelling; secondly, MH mitochondria contained at least twice the normal level of endogenous phospholipase A? activity; thirdly, spermine, tetracaine, Mg? + and bovine serum albumin prevented both the Ca' + -induced uncoupling and large-amplitude swelling; and fourthly, spermine and bovine serum albumin restored the rate of C a ? ' release to normal (Cheah & Cheah, 1978, 19810) . The greater than normal phospholipase A? activity in MH mitochondria was attributed to the significantly higher concentrations of endogenous activators, calmodulin, Ca?' and fatty acids (Table I) . MH mitochondrial phospholipase A? activity was calmodulin-dependent since both the Ca? +-induced uncoupling and large-amplitude swelling of MH mitochondria were prevented by trifluoperazine (Cheah & Waring, 1983 ; K. S. Cheah & A. M. Cheah, unpublished work) , an inhibitor of calmodulindependent enzymes.
The Ca? +-binding capacity of porcine MH sarcoplasmic reticulum decreased significantly at high temperature, and also, like mitochondria, had a T, 8°C higher than normal (Nelson & Bee, al., 1973) .
The ability of MH mitochondria or the end-products of phospholipase A? activity to inhibit the Ca' + transport of both normal and MH sarcoplasmic reticulum led to the formulation of the current hypothesis (Cheah & Cheah. 1981a,h) that an enhanced phospholipase A: activity was responsible for the increase of sarcoplasmic Ca? + during MH. The enhanced release of Ca?+ in MH muscle was temperature-dependent, with no stimuli-induced contractures occurring at 25°C (Kalow et Cheah & A. M. Cheah, unpublished work) .
The present evidence tends to favour the concept that alteration in membrane permeability in target organelles of MH is due to a higher than normal amount of calmodulin, a Ca? + -regulating protein, which is responsible for the enhanced phospholipase A, activity, resulting in excess release of Ca? 
I r t h n d
Malignant hyperthermia is a genetically transmitted muscle disease in man and the pig. It is characterized by a dramatic development of muscular rigidity, severe lactacidosis, hyperthermia and is generally fatal. In man, it is referred to a s a pharmacogenetic disease because it is triggered by most halogenated anaesthetics and succinylcholine (see Gronert, 1980 for review). In susceptible breeds of pig such as the Pdand, China, Pietrain and Landrace, the syndrome is also triggered by physical and psychological stressors (Mitchell & Heffron, 1982) . Since the initial descriptions of MH in man (Brown. 1954; Denborough & Lovell, 1960) , a large number of cases has appeared in the literature, with about 70 cases being reported each year (Winstanley, 1979) . In general, the case reports have contributed little towards elucidation of the aetiology of the human MH syndrome; most research having this goal has been conducted on MHsusceptible pigs. The use of the porcine syndrome as a model for the human one has often been criticized because of several differences between the two syndromes, most notably, the induction by stress of the syndrome in pigs but not in man. Some recent reports, however, indicate that awake episodes of MH can occur in man (Wingard & Gatz, 1978; Gronert el al., 1980) , further justifying the use of porcine material in fundamental investigations (cf. Mitchell & Heffron, 1980) . There is virtually n o dispute that the genetic abnormality produces a primary defect in skeletal muscle principally because (a) rigidity is the first macroscopic sign of an impending MH episode, (b) tubocurarine or curare will not
